Three experiments were conducted with ewes to determine the effects of pregnancy and(or) supplemental protein source on amino acid absorption and digestive criteria. In Exp. 1, four mated and five nonmated ewes fitted with abomasal and ileal cannulas were offered 272 g of cracked corn/d and ad libitum alfalfa hay (22% CP). Mated ewes absorbed greater quantities (P < .10) and percentages (P < .05) of amino acids presented to the abomasum than did nonmated ewes between d 121 and 124 of gestation. In Exp. 2, three nonmated ewes were used in a latin square design experiment to compare amino acid absorption when timothy hay (6% CP; 67% NDF) was offered alone or with supplements of corn plus either alfalfa hay (ALF) or soybean meal (SBM). Supplementation increased total, essential and nonessential amino acid flow to the abomasum and amino acid disappearance, In Exp. 3, 12 mated and 12 nonmated ewes were assigned to treatments in a 2 x 2 factorial arrangement to compare the effects of production status (gestation followed by lactation vs nonmated) and supplemental protein source (ALF vs SBM) on voluntary intake and digestive criteria. Ewes were pulse-dosed with Yb-marked NDF from hay on d 124 and 137 of gestation and d 26 of lactation. During lactation (d 7 to 28), dietary DM intakes were greater (P < .05) by ewes consuming ALF compared with SBM and by lactating ewes compared with nonmated ewes. Flow rates were greater (P < .05) from mated ewes throughout the experiment. It appears that pregnant ewes met their increased nutrient demands by increasing flow rates and by more efficient apparent absorption of amino acids.
Introduction
Pregnancy and lactation are dynamic processes characterized by myriad physiological changes that may alter ruminant digestive function. Intake by the ruminant in late gestation may be limited by both hormonal changes (Forbes, 1971; Bray, 1974) physical reduction of rumen capacity caused by increasing uterine volume (Forbes, 1970) . The nutritional impact of restricted ruminal capacity may be reduced by decreased digesta retention time (Graham and Williams, 1962; Forbes, 1970) and declining thyroxine levels (Riis and Madsen, 1985) , which reduces basal metabolic rate (Guyton, 1981) . Low-quality forage intake is restricted by low ruminal fiber digestibility (Hovell et al., 1986) , increased gastrointestinal tract retention time (Thornton and Minson, 1973; Faichney and Gherardi, 1986) , or a deficiency of either absorbed protein (Egan and Doyle, 1985) or protein relative to energy in digestion products (Egan, 1977) . Protein supplementation of lowquality roughage diets has been shown to increase total DM intake and digestibility (Nelson et al., 1984; Hunt et al., 1985; Ndlovu and Buchanan-Smith, 1987) .
Limited data are available concerning the effects of different supplemental protein sources on intake and digestive criteria of lower-quality forage diets for gestating and lactating ewes. The objectives of these experiments were to evaluate the influence of production status and supplemental protein source on amino acid disappearance and digestion kinetics.
Materials and Methods
Experiment 1: Amino Acid Absorption by Pregnant Ewes. Nine half-sibling Hampshire ewe lambs (avg wt 50 kg at the time of mating: four mated and five nonmated) fitted with T-type cannulas in the abomasum and ileum were used in a completely randomized design experiment to determine whether pregnancy influenced amino acid disappearance from the small intestine. Ewes were allotted randomly into mated and nonmated groups following cannulation. Mated ewes were synchronized so that lambing would occur within a short time interval and were mated to a Combo 6 ram (Coffey et al., 1986) . Ewes were individually offered diets of chopped (10-cm screen) alfalfa hay ad libitum (Table 1) and 136 g of cracked corn twice daily at 0800 and 2000 beginning on d 96 of gestation. Trace mineralized salt 5 (7.6 g/d) was added daily to the cracked corn supplement. Starting on d 116 of gestation, ewes were drenched orally twice daily with 25 ml of Cr-EDTA solution (Binnerts et al., 1968) , which was used as an external digesta flow marker. Abomasal and ileal samples were collected for 4 d beginning on d 121. Collections were made so that every 3rd h of a 24-h period was represented, with the stipulation that no collection occurred within 6 h of another. Individual samples were mixed thoroughly, composited volumetrically and placed in a forced-draft oven at 50"C until dry. Dried samples were ground through a lmm screen for subsequent analyses. Subsampies were dried at 100*C for 12 h to determine DM. Amino acid composition of abomasal and ileal samples was determined by ion exchange chromatography. To determine methionine 5Contained Na, CI, I, Se, Mg, S, K and Cu. concentration of digesta, samples were oxidized with performic acid before hydrolysis (Schram et al., 1954) . The remaining amino acids were determined after 6 N HCI hydrolysis (Gehrke et al., 1985) by ion exchange chromatography (Benson and Patterson, 1971) . Chromium content of digesta samples was determined by atomic absorption spectrophotometry following perchloric acid oxidation (Hill and Anderson, 1958) . Data were analyzed by one-way ANOVA procedures for two treatments (Snedecor and Cochran, 1980) .
Experiment 2: Source of Protein Supplementation.
Three nonmated ewes used in the previous trial were assigned to three treatments in a latin square design experiment. Dietary treatments were: I) ground (2.54-cm screen) timothy hay offered ad libitum ; 2) timothy hay supplemented with chopped (10-cm) alfalfa hay and cracked corn or 3) timothy hay supplemented with soybean meal and cracked corn. Nutrient composition of feedstuffs and quantity of supplemental feedstuffs offered per day are presented in Tables 1 and 2 , respectively. Although these supplemental feedstuffs were of different particle sizes (large particles from alfalfa hay vs small particles from soybean meal), they were considered to have similar amounts of undegraded, ruminal escape protein (Mathers and Miller, 1981; Zinn and Owens, 1983) . Supplements for treatments 2 and 3 were offered so as to provide approximately equal amount of ME and CP and were offered in equal portions at 0800 and 2000. After ewes were consuming desired amounts of supplement, 14 d of diet adaptation were followed by 14 d of digesta sampling. Digesta samples were collected and dried as described in Exp. 1. Chromic oxide was used as an external marker and was fed three times per day (3 g/dose with 33 g of cracked corn) at 0600, 1400 and 2200. Amino acid analyses of digesta samples were conducted as for Exp. 1. Chromium content of abomasai and ileal samples was determined by the perchloric acid oxidation procedure of Hill and Anderson (1958) . Data were analyzed by procedures for a latin square design (Snedecor and Cochran, 1980) and included the effects of diet, period and animal. Treatment sums of squares were partitioned into orthogonal contrasts using the GLM procedure of SAS (1985) to compare the nonsupplemented diet to supplemented diets and ALF with SBM.
Experiment 3: Digestive Kinetics. Twentyfour crossbred ewe lambs (avg initial wt 49.5 kg) were assigned to treatments in a 2 x 2 factorial arrangement to determine how diet and production status would influence digestive criteria. Main effects tested during gestation and lactation were stage of production (gestating then lactating vs nonmated) and source of supplement (ALF vs SBM). Randomly selected ewes were synchronized and bred so that lambing occurred within a 7-d period. All ewes were individually fed between d 96 and 140 of gestation and from d 7 through 28 of lactation. Dietary treatments consisted of ground (2.54-cm) timothy hay made available ad libitum and supplemented with chopped (10-cm) alfalfa hay and cracked corn or soybean meal and cracked corn (Table  2) . Supplements were fed in equal portions at 0800 and 2000 throughout the experiment. Mated and nonmated ewes were offered similar quantities of supplemental protein and energy during the gestation phase. During the lactation phase, dietary supplements were adjusted to meet NRC (1984) requirements for the particular production status. This adjustment was necessary because of increased nutrient demands on the lactating ewes and the increasing fat deposition by the nonmated ewes.
Daily DM consumption was measured from d 106 to 140 of gestation and from d 7 to 28 of lactation. On d 124 and 137 of gestation and d 26 of lactation, ewes were pulse-dosed with 15 g of ytterbium-marked NDF to determine particulate passage rates, fecal output, particulate retention times and undigested DM gut fill. Neutral detergent fiber (Goering and Van Soest, 1970) extracted from timothy hay was labeled with Yb according to the immersion technique of Teeter et al. (1984) . The Ybmarked NDF was placed in gelatin capsules and given orally. Fecal samples were taken from the rectum at 6, 12, 18, 24, 32, 40, 48, 60, 72 and 96 h after dosing. The concentration of Yb in the feces was determined by atomic absorption spectrophotometry following the extraction procedures of Coffey et al. (1988) . To determine fecal output and digestive kinetics, data were fitted to the oneand two-compartment models described by Pond et al. (1982) . Dry matter digestibility of diets was determined using actual feed intakes and fecal output estimates derived from the Yb data. Data were analyzed statistically according to the following: daily intakes were averaged by week during gestation and by 4-d increments during d 12 through 28 of lactation. These data were divided into gestation and lactation phases and analyzed separately as a split plot in time with a 2 x 2 factorial arrangement of treatment (Cochran and Cox, 1957) . Main effects of supplement, pregnancy and the supplement x pregnancy interaction for voluntary intake were tested using ewe (supplement x pregnancy) as the error term (Table  3) with the GLM procedure of SAS (1985) . The influence of time and the remaining twoand three-way interactions were tested with the error mean square. The supplement x time interactions for voluntary DM intake were partitioned into linear, quadratic and cubic components for each treatment combination. Orthogonal contrasts were used to determine whether the linear, quadratic or cubic functions over time differed among the treatment combinations. Digestive kinetic data were analyzed similarly, with the exception that gestation and lactation data were included together in the same model and analyses of the linear and quadratic components were not conducted.
Two ewes offered the SBM supplement produced twins, and these data were removed from the entire study. One ewe offered alfalfa aborted 2 wk prior to lambing and was replaced during the lactation phase by an extra ewe from the same group of ewes having a single lamb. A remaining ewe diagnosed as being pregnant and fed alfalfa did not lamb. Data from this ewe were included with data for nonmated ewes.
Resu|ts and Discussion
Experiment 1. Intake of dietary DM and flow of total, essential and nonessential amino acids to the abomasum are presented in Table  4 . Dry matter intakes were similar (P > .10) for pregnant and nonpregnant ewes (1,290 and 1,203 g/d, respectively). Although not significant (P > .10), flow of total, essential and nonessential amino acids to the abomasum tended to be greater for pregnant than for nonmated ewes. For pregnant ewes, apparent disappearance of total amino acids (g/d) from the small intestine was twofold greater (P < 9 10) than that for nonpregnant ewes. Apparent digestibility of total, essential and nonessential amino acids likewise was greater (P < .05) for pregnant ewes. Values for essential amino acid disappearance for the pregnant ewe agree with those published by NRC (1985, table 12 ), but digestibility data for the nonmated ewes are somewhat lower (67 vs 73%). Previous data (Graham and Williams, 1962) demonstrated that advancing pregnancy stimulated feed passage rate, which should increase microbial yield and increase rumen escape of dietary protein (Van Soest, 1987) . Other research (NRC, 1985) reported that the pregnant ewe increased protein retention for fetal and uterine b'eMeans are different (P < .10). d'eMeans are different (P < .05).
growth from 6 to 20 g/d between wk 14 and 20 of gestation. Goodwin et al. (1986) reported that pregnant ewes spared essential branchedchain amino acids for placental and fetal utilization, and Oldham (1981) suggested that the pregnant animal has a greater absorptive area in the gut than the nonpregnant animal does. In this study, even though voluntary intakes were similar, apparent amino acid absorption and digestion were greater (P < .10 aAvg DM intakes of the diet were: 1,217 g/d for hay: 1,592 g/d for hay + ALF and 1,598 for hay + SBM (hay vs ALF AND SBM, P < .05; SE = 49.5).
bHay vs ALF and SBM (P < .10).
CHay vs ALF and SBM (P ---.11). Experiment 2. Voluntary DM intake was greater for supplemented hay diets compared with feeding only timothy hay (Table 5 , footnote a). The ALF and SBM supplements increased DM consumption to similar levels. Flows of total, essential and nonessential amino acids to the abomasum were greater (P < .10) for supplemented diets. Data from several experiments (NRC, 1985) showed that there was a high correlation (R 2 = .96) between supply and disappearance of amino acids presented to the small intestine. Although apparent essential amino acid disappearance (g/d) from the small intestine was greater (P < .10) for supplemented diets, apparent digestibilities were not different among diets; however, values tended to be higher (P < .10) for supplemented diets than for the control. Compared to supplementation with SBM, supplementation with ALF resulted in similar (P > .10) absorption and digestibility of amino acids. Amino acid disappearance from the small intestine of ewes fed supplemented diets were similar to those of nonpregnant ewes in Exp. 1 ( 
Experiment 3. Significant period effects and
interactions between period and production status were noted for voluntary DM intake during the gestation phase. Therefore, supplement x production status interactions are depicted over time (Figure 1 ). Overall main effects for supplement and pregnancy were not different, but changes in intake for pregnant ewes during the last 6 wk of gestation were best described by a quadratic response, whereas intakes by nonmated ewes were best demonstrated by both linear and quadratic functions (Table 6 ). Pregnant ewes consuming ALF increased intakes until 4 wk prior to lambing. Following this, intake plateaued and then declined to 1 wk prior to lambing. Pregnant ewes consuming the soybean meal supplement increased intake until 3 wk prior to lambing and then reduced intake until 1 wk prior to lambing. Similar changes have been documented previously (Campling, 1966; Curran et al., 1967) . Forbes (1983) suggested that the simplest explanation for decreased intake is due to abdominal fat and(or) fetal tissue limiting ruminal capacity. Although not determined in the present study, other factors also may be responsible. Forbes (1971) indicated that increasing levels of circulating estrogen during the last week of gestation may have a direct impact on feed intake. Bargeloh et al. (1975) treated cows with progesterone 15 d before expected calving date and was able to increase intake from 11.7 to 17.1 kg/d. Other possible reasons for decreased intake may be discomfort or other endocrine changes (e.g., corticosteroids, oxytocin, relaxin).
Changes in DM intake during the lactation phase of the experiment are presented in Figure 2 . Main effects of both supplement and lactation were significant (P < .01). Intakes were greater with ALF than with SBM supplementation, and lactating ewes consumed more DM/d than did nonmated ewes. Linear functions (Table 6 ) best described DM intake by both lactating and nonmated ewes. By wk 4, lactating ewes were consuming dietary DM at approximately 3.9% of body weight, compared with 2.6% of body weight for nonmated ewes. Fell et al. (1972) found a 2.5-fold increase in the weight of the rumen mucosa due to hypertrophy between parturition and wk 8 of lactation. Arnold and Dudzinski (1967) reported greater intake by lactating ewes compared with open ewes. Others also have reported increased intakes following lambing (Hadjipieris and Holmes, 1966; Pond et al., 1984) or calving (Hunter and Siebert, 1986) .
Digestive kinetic measurements from nonmated and pregnant or lactating ewes offered diets supplemented with either ALF or SBM are presented in Table 7 . Data were not pooled across sampling periods because of period effects for each variable except DM digestibility (P = .07). Period comparisons were not made because of differences in the amount of supplement offered between gestation and lactation. Flow rates, mean retention times and gastrointestinal tract DM fill were calculated from constants derived from the one-compartment model described by Pond et al. (1982) . Large standard errors associated with constants derived from the two-compartment model discouraged the use of this model. Dry matter intake (Table 7) was similar (P > .10) among supplements and production stages at wk 3 and 1 before lambing; both supplement and stage of production effects were significant (P < .05) at 4 wk postpartum. However, these values are intake measurements for 4-d periods beginning 1 d prior to pulse-dosing with Yb. Values for DM intake shown in Figures 1 and 2 represent a more meaningful estimate of intake because they were measured continually over an extended period of time.
Dry matter digestibility was not changed by supplementation or pregnancy status in the overall comparison across sampling periods. Three weeks prior to lambing, however, SBMsupplemented diets were more (P < .05) digestible than ALF-supplemented diets (61 vs 56.8%). Diet digestibility tended (P < .10) to be lower for mated ewes than for nonmated ewes. Oddy (1985) reported depressed DM digestion during the last month of gestation that could not be attributed to continual changes in either intake or fiber content of the diet. After 4 wk of lactation, diets supplemented with ALF were more digestible than diets supplemented with SBM (61.9% vs 55.5%).
Fractional flow rate of undigested feed particles was greater for pregnant ewes at -3 a-3 wk and -1 wk are weeks before lambing, +4 wk is week of lactation. bMain effect of ALF vs SBM (P < .05). CMain effect of nonmated vs mated (P < .05). dMain effect of nonmated vs mated (P < .10).
wk (P < .05) and -1 wk (P < .10) compared with nonmated ewes. Flow rate also was faster (P < .05) in lactating ewes than in nonmated ewes. The faster flow rate 1 wk before lambing cannot be attributed to increased DM consumption; the faster rate during lactation probably is due to increased consumption. Graham and Williams (1962) found an increased feed passage rate with advancing stage of pregnancy, and Pond et al. (1984) reported faster flow rates during lactation than during gestation. Mean digesta retention time (hi was influenced by pregnancy status at -1 and +4 wk (P < .10 and .05, respectively). Nonmated ewes retained digesta between 7 and 20% longer than did mated ewes at the three sampling periods. Graham and Williams (1962) measured a decrease in mean retention time as stage of pregnancy advanced. Pond et al. (1984) reported lower mean retention time 7 d after lambing compared with 10 d prior to lambing. In the present study, mean retention time tended to increase with advancing pregnancy and until 4 wk postpartum. Mean retention time from nonmated ewes increased during the lactation phase, but the proportion of supplement offered during this phase of the experiment was decreased. It is suspected that this decreased proportion of supplement was the primary contributing factor to the increased retention time by nonmated ewes. Caton et al. (1988) reported decreased retention time by calves grazing dormant blue grama rangeland (8% CP) when supplemented with cottonseed meal. Van Soest (1987) summarized data indicating that forages containing less than 7% CP contained inadequate N for optimal forage intake and digestion, necessitating supplementation with protein.
Neither supplement source nor production status influenced gut fill (g/kg BW) at -3 or -1 wk. At 4 wk postpartum, lactating ewes had 20.5% greater (P < .05) gut fill per kilogram of BW than nonmated ewes. The ALF supplement tended (P = .15) to reduce gut fill of mated ewes to a greater extent during pregnancy than did SBM.
Results of these experiments indicated that feed intake depressions associated with advancing pregnancy were difficult to alter. The ewes appeared to maintain voluntary intake by increasing rate of particulate passage through the intestinal tract, which resulted in a decrease in diet digestibility. Although not addressed in these experiments, the influence of higher levels of starch consumption from the SBM supplement may alter the digestibility and utilization of a lower-quality hay. Mertens and Loften (1980) suggested that starch supplementation could increase the lag time before active fermentation, which may reduce digestibility of dietary fiber. Meijs and Hoekstra (1984) showed decreased forage consumption by cattle offered increased levels of high starch concentrates. Meijs (1986) further demonstrated that high-starch concentrates reduced forage consumption to a greater extent than did high-fiber concentrates. This reduction in forage intake with increased levels of highstarch concentrates may be attributed partially to a decrease in rumen pH as the concentrate level is increased (Wedekind et al., 1986) , which has been shown to decrease rumen dry matter digestion and cellulolysis (Mould and Orskov, 1983) . The higher level of starch in the SBM supplement may play a significant role in reducing total forage intake compared with the ALF supplement (Horn and McCollum, 1987) , although the substitution effect generally is lower for poorly digestible hay diets than for higher-quality forages. The pregnant ewe appears to be more efficient in apparent amino acid absorption from the small intestine than is the nonmated ewe. Supplementation with SBM did not reduce intake and gut fill as extensively in late pregnancy as did supplementation with ALF. Parturition removed the physical restriction of intake imposed by the uterus and allowed for the differential effects of alfalfa and soybean meal to be manifested.
